Background and aims: Barrier dysfunction is an important feature contributing to inflammation and diarrhoea in Crohn's disease (CD). Recently, tumour necrosis factor a (TNF-a) antibodies were recognised as effective in steroid refractory CD. The aim of this study was to characterise the effects of this therapy on the epithelial barrier. Patients and methods: Forceps biopsies were obtained from the sigmoid colon before and 14 days after TNF-a antibody therapy in 11 patients treated for chronic active CD (Crohn's disease activity index .150). Epithelial apoptoses were measured after terminal deoxynucleotidyl transferase mediated deoxyuridine triphosphate nick end labelling (TUNEL) and 49,6-diamidino-2-phenylindole staining. Epithelial resistance was determined by alternating current impedance analysis in miniaturised Ussing chambers. Occludin, claudin 1, and claudin 4 expression was quantified in immunoblots. Results: The epithelial apoptotic ratio was 2.1 (0.2)% in controls and increased to 5.3 (1.0)% in CD. TNF-a antibody therapy decreased the apoptotic ratio to 2.9 (1.0)% (normalised in 10 of 11 patients). In parallel, epithelial resistance was lower in CD than in controls (24 (3) v 42 (3) V6cm 2 ) and improved to 34 (3) V6cm 2 after therapy. Occludin, claudin 1, and claudin 4 were not affected by TNF-a antibody therapy. In support of a functional role of epithelial apoptoses in CD, a similar decrease in resistance of 240% was observed when the apoptotic rate was selectively upregulated from 2.6% to 5.4% with camptothecin in HT-29/B6 cells. Conclusions: Epithelial apoptoses were upregulated in the colon in CD and restored to normal in 10 of 11 patients by TNF-a antibody therapy. This is the structural correlate of epithelial barrier dysfunction measured as epithelial resistance while expression of tight junction proteins did not contribute to this therapeutic effect.
Background and aims: Barrier dysfunction is an important feature contributing to inflammation and diarrhoea in Crohn's disease (CD). Recently, tumour necrosis factor a (TNF-a) antibodies were recognised as effective in steroid refractory CD. The aim of this study was to characterise the effects of this therapy on the epithelial barrier. Patients and methods: Forceps biopsies were obtained from the sigmoid colon before and 14 days after TNF-a antibody therapy in 11 patients treated for chronic active CD (Crohn's disease activity index .150). Epithelial apoptoses were measured after terminal deoxynucleotidyl transferase mediated deoxyuridine triphosphate nick end labelling (TUNEL) and 49,6-diamidino-2-phenylindole staining. Epithelial resistance was determined by alternating current impedance analysis in miniaturised Ussing chambers. Occludin, claudin 1, and claudin 4 expression was quantified in immunoblots. Results: The epithelial apoptotic ratio was 2.1 (0.2)% in controls and increased to 5.3 (1.0)% in CD. TNF-a antibody therapy decreased the apoptotic ratio to 2.9 (1.0)% (normalised in 10 of 11 patients). In parallel, epithelial resistance was lower in CD than in controls (24 (3) v 42 (3) V6cm 2 ) and improved to 34 (3) V6cm 2 after therapy. Occludin, claudin 1, and claudin 4 were not affected by TNF-a antibody therapy. In support of a functional role of epithelial apoptoses in CD, a similar decrease in resistance of 240% was observed when the apoptotic rate was selectively upregulated from 2.6% to 5.4% with camptothecin in HT-29/B6 cells. Conclusions: Epithelial apoptoses were upregulated in the colon in CD and restored to normal in 10 of 11 patients by TNF-a antibody therapy. This is the structural correlate of epithelial barrier dysfunction measured as epithelial resistance while expression of tight junction proteins did not contribute to this therapeutic effect. C rohn's disease (CD) is a chronic inflammatory bowel disease with segmental inflammation throughout the gastrointestinal tract. Even though corticosteroids are often efficient in controlling symptoms of mild CD, 1 a minor proportion of CD patients are resistant to both standard therapy and combinations with purine antimetabolites or methotrexate. In these patients, tumour necrosis factor a (TNF-a) antibody therapy with the chimeric monoclonal TNF-a antibody infliximab has been shown to be highly effective. 2 3 Epithelial barrier function comprising fencing properties against small ions as well as larger molecules as antigens has been shown to be seriously impaired in CD. 4 5 The proinflammatory cytokine TNF-a, which is elevated in patients with CD, 6 is thought to play a central role in this barrier defect. In studies with model epithelia such as HT-29/B6, TNF-a reduced epithelial barrier function by affecting both induction of single cell apoptosis 7 and the epithelial tight junction. The latter effect was indicated by a TNF-a dependent decrease in tight junction strands on freeze fracture electron microscopy 8 and a decrease in expression of tight junction proteins. 9 For the tight junction protein occludin, this was characterised as regulation of expression via the occludin promoter, as obtained from reporter gene assays. 9 Finally, this was also corroborated in inflammatory bowel disease epithelia where tight junction alterations and apoptotic foci were found to contribute to the barrier defect in ulcerative colitis. 10 Hence it is not surprising that targeting TNF-a with antibody therapy could improve intestinal barrier function.
Recently, Suenaert et al have demonstrated repair of intestinal barrier function by an in vivo permeability test. 11 However, to date it is not known which barrier features and mechanisms are involved in this TNF-a antibody effect in CD. Therefore, in the present study, our aim was to characterise the mechanisms of barrier dysfunction and repair in CD.
In recent studies, dysregulation of immune cell apoptosis has been found to be a major factor in impairment of intestinal barrier function in CD. T lymphocytes, an important source of proinflammatory cytokines, were shown to be resistant to apoptotic stimuli in CD. [12] [13] [14] However, after TNF-a antibody therapy, both lamina propria T lymphocytes 15 and monocytes 16 underwent upregulation of apoptosis. Therefore, the question arose whether or not enterocyte apoptosis is also upregulated by TNF-a antibody therapy, either as the result of a direct reduction of circulating proapoptotic TNF-a or indirectly as a consequence of immune cell eradication.
In the present study, apoptosis of colonic epithelial cells and tight junction protein expression were examined in CD patients before and after TNF-a therapy in relation to functional changes in the epithelial barrier, as obtained from alternating current impedance analysis on colonic biopsies Abbreviations: TNF-a, tumour necrosis factor a; DAPI, 49,6diamidino-2-phenylindole; R e , epithelial electrical wall resistance; R sub , subepithelial electrical wall resistance; R t , transmural wall resistance; CD, Crohn's disease; TUNEL, terminal deoxynucleotidyl transferase mediated deoxyuridine triphosphate nick end labelling; CDAI, Crohn's disease activity index studied in vitro. In contrast with immune cell apoptosis, epithelial apoptosis was found to be downregulated while tight junction protein expression was not significantly affected within the two week time period after therapy.
PATIENTS AND METHODS

Patients
Biopsies from the distal colon (30 cm ab ano) of 11 patients with steroid refractory chronic active CD and an inflamed distal colon were investigated before and 14 days after TNF-a antibody therapy (with infliximab 5 mg/kg body weight intravenously). CD activity index (CDAI) was evaluated according to Best and colleagues. 17 Control biopsies were obtained from eight patients investigated for tumour exclusion who did not show inflammation macroscopically or microscopically. Prednisolone of more than 10 mg/day (or equivalent) was not allowed during the last 14 days before biopsy. Administration of other medications (for example, sulphasalazine or 5-aminosalicylic acid) was continued. The investigation was approved by the local ethics committee.
Histology and apoptotic ratio Biopsies were obtained endoscopically, fixed in 4% formalin, and embedded in paraffin for morphological analysis. Serial sections (3 mm) were used for immunofluorescence detection of epithelial apoptoses. Cellular DNA was stained with 49,69-diamidino-29-phenylindoladihydrochloride (DAPI) 18 or TUNEL (terminal deoxynucleotidyl transferase (TdT) mediated deoxyuridine triphosphate (dUTP) nick end labelling) (Roche, Mannheim, Germany), respectively. Typical apoptotic changes and criteria for evaluation comprised condensation of chromatin, its compaction along the periphery of the nucleus, and segmentation of the nucleus. The rate of apoptosis was determined as the percentage of apoptotic nuclei per high power field. An average of six fields (,150 enterocytes/field) in 11+8 samples per condition were counted.
Tissue preparation for electrophysiological investigation
Biopsies were obtained endoscopically with a 3.9 mm forceps using a colonoscope 1T-20 (Olympus Inc., Tokyo, Japan). Specimens were spread out under a dissection microscope. A perforated plastic disc with an inner diameter of 2.5 mm was glued to the serosal side of the biopsy using histoacryl tissue glue (B Braun, Melsungen, Germany). Subsequently, this disc was placed in a micro container tightened with silicon rubber seals and mounted in Ussing-type chambers, as described previously. 19 Tissues were transported to the laboratory on ice in oxygenated bathing solution. The time between taking the biopsies and mounting the tissues into Ussing chambers was approximately 20-30 minutes. 10. 20 Amiloride (10 mM) was present on both sides of the Ussing chamber throughout the experiments. The solution was gassed with 95% O 2 and 5% CO 2 . Temperature was maintained at 37˚C using water jacketed reservoirs. The pH was 7.4 in all experiments. Antibiotics (azlocillin 50 mg/l and tobramycin 4 mg/l) served to prevent bacterial growth and had no effect on I SC at the concentrations used. 21 Alternating current impedance analysis Ussing-type experiments were performed as described previously in miniaturised Ussing chambers using a computer controlled voltage clamp device (CVC 6; Fiebig, Berlin, Germany). 22 Alternating current impedance analysis can differentiate epithelial (R e ) and subepithelial (R sub ) portions of transmural wall resistance (R t ) based on the three parameter model of the colonic wall. 23 In this model, the epithelium is described as an electrical equivalent circuit by a resistor and a capacitor in parallel and the subepithelium by a resistor in series. After application of 48 discrete frequencies of an effective sine wave alternating current of 35 mA/cm 2 ranging from 1.3 Hz to 65 kHz, changes in tissue voltage were detected by phase sensitive amplifiers (1250 frequency response analyser and 1286 electrochemical interface; Solartron Schlumberger, Farnborough, Hampshire, UK). Complex impedance values were calculated and corrected for the resistance of the bathing solution and the frequency behaviour of the measuring device. Then, for each tissue, the impedance locus was plotted on a Nyquist diagram and a circle segment was fitted by least squares analysis. Due to the frequency dependent electrical characteristics of the capacitor, transmural resistance (R t ) was obtained at low frequencies whereas subepithelial resistance (R sub ) was obtained at high frequencies. Epithelial resistance (R e ) was obtained from R e = R t 2R sub .
Solutions and drugs
Western blot analysis
To determine tight junction protein expression, western blot analysis was performed from membrane extracts of colonic biopsy specimens. Tissues of sigmoid colon obtained at colonoscopy before and two weeks after infliximab treatment were homogenised (by douncing) on iced lysate buffer containing 20 mM Tris pH 7.4, 5 mM MgCl 2 , 1 mM EDTA, 0.3 mM EGTA, 1 ml/ml aprotinin, 16 mg/ml benzamidine-HCl, 10 mg/ml phenanthroline, 10 mg/ml leupeptin, 10 mg/ml pepstatin, 2 mM PMSF, 210 mg/ml sodium fluoride, 2.16 mg/ml b-glycerophosphate, 18.4 mg/ml NaVO 4 , and 1 ml/ml trypsin inhibitor (all substances obtained from Sigma Chemicals, St Louis, Missouri, USA). Membrane fractions were obtained by passage through a 26 gauge 1/2 needle. To remove insoluble material the extract was centrifuged at 350 g for five minutes at 4˚C. The supernatant was then centrifuged at 43 000 g for 30 minutes at 4˚C. The pellet representing a crude membrane fraction was resuspended in lysate buffer. Protein concentrations were determined by Pierce BCA assay. Aliquots of 2.5 mg were separated by polyacrylamide gel electrophoresis (8.5% for occludin and 12.5% for claudins) and transferred to a polyscreen PVDF transfer membrane (NEN Life Science Products, Boston, Massachusetts, USA). Blots were blocked for two hours in 5% milk powder and then overnight in 5% bovine serum albumin (at 4˚C) before incubation with primary rabbit polyclonal IgG antibodies directed against claudin 1 and occludin and with primary mouse monoclonal IgG antibodies directed against claudin 4. POD conjugated goat antirabbit IgG or goat antimouse IgG antibodies and the chemiluminescence detection system Lumi-Light Western Blotting Kit (Roche, Mannheim, Germany) were used to detect bound antibodies. Chemiluminescence signals were detected using a LAS-1000 imaging system (Fuji, Tokyo, Japan) and analysed with the AIDA program package (Raytest, Berlin, Germany). Densitometric analysis of protein expression before and two weeks after infliximab was always performed on the same blot for each individual patient.
Induction of apoptosis in HT-29/B6 cells HT-29/B6 cells, which are subcloned from the human colon carcinoma cell line HT-29, 24 grow as highly differentiated polarised monolayers. HT-29/B6 cells were routinely cultured in 25 cm 2 culture flasks in RPMI 1640 (Biochrom, Berlin, Germany) containing 2% stabilised L-glutamine and supplemented with 10% fetal calf serum at 37˚C in an atmosphere of 95% O 2 and 5% CO 2 . For electrophysiological measurements, cells were seeded on Millicell PCF filters (effective area 0.6 cm 2 ; Millipore) with an average concentration of 7610 5 cells/cm 2 . Three filters were placed together into one conventional culture dish (OD 60 mm) filled with 10 ml of culture medium. Confluence of the monolayers was reached after seven days. On day 7, confluent monolayers of HT-29/B6 cells were incubated serosally with the topoisomerase I inhibitor camptothecin at varying concentrations for 48 hours. For quantification of apoptosis, monolayers were fixed with 4% formalin, embedded in paraffin, and TUNEL stained.
Transepithelial resistance (R t ) of the monolayers was measured by a modification of the method described by Kreusel and colleagues. 24 Briefly, electrical measurements were performed in culture dishes by two fixed pairs of electrodes (STX-2; World Precision Instruments, USA) connected with an impedance meter (D Sorgenfrei, Inst Klinische Physiologie). R t was calculated from the voltage deflections caused by an external ¡10 mA, 21 Hz rectangular current. Depth of immersion and position of the filters was standardised mechanically. Temperature was maintained at 37˚C during the measurements by a temperature controlled warming plate. Resistance values were corrected for the resistance of the empty filter and of the bathing solution. The set up was placed under a plastic hood, and the electrodes were regularly disinfected with 70% ethanol. This proved to be sufficient to allow repetitive measurements in individual dishes over several days without infection.
Statistical analysis
The SPSS for Windows software package was applied. All data are means (SEM). Differences between groups were tested by analysis of variance (one way ANOVA; least significant difference). For comparison of results of CD patients before and after therapy, the two tailed Student's t test for paired data was used. A p value of ,0.05 was considered significant.
RESULTS
The 11 patients treated had a mean CDAI of 266 (30) before therapy which decreased after therapy to 122 (21) (p,0.01).
Epithelial apoptotic ratio
Thin sections of sigmoid colon from eight controls and 11 CD patients before and two weeks after infliximab were stained with TUNEL and DAPI, respectively. Enterocytes matching apoptotic criteria, as described in the methods section, were counted (fig 1) . Crohn's disease patients (n = 9) before and two weeks after tumour necrosis factor a (TNF-a) antibody therapy. Data are given as means (SEM). Lower limit of the normal range (NR), as obtained from the mean of control ¡2SD, is indicated by the broken line. R e and R sub were obtained as described in the methods section. **p,0.01 for R e and R sub of pretreatment CD compared with controls; ÀÀp,0.01 for R e before versus after tumour necrosis factor a antibody therapy.
There was a higher apoptotic ratio in CD patients (5.3 (1.0)%, n = 11) compared with controls (2.1 (0.2)%, n = 8; p,0.05). After therapy, the apoptotic ratio decreased to 2.9 (1.0)% in CD (n = 11; p,0.001). Thus all CD patients had an apoptotic ratio above the normal range (as defined by mean of control (¡2 SD) as 1.2-3.0 (n = 8)) before therapy. Two weeks after TNF-a antibody therapy, 10 of 11 (91%) patients reached an apoptotic ratio within the normal range. In controls, epithelial resistance (R e ) was 42 (3) V6cm 2 (n = 8). In CD before treatment, R e was lower than in controls (24 (3) V6cm 2 , n=9; p,0.001 compared with controls). TNF-a antibody therapy increased R e to 34 (3) V6cm 2 (p,0.01 compared with R e before therapy). Two weeks after TNF-a antibody therapy, six of nine patients (67%) achieved an R e within the normal range (as defined by mean of control ¡2SD as 29-56 V6cm 2 (n = 8)) ( fig 4) .
While epithelial resistance was lower in the sigmoid colon of CD patients, subepithelial resistance was increased (table 1) . This may be the result of chronic inflammatory thickening of the subepithelium due to oedema and condensed collagenous fibres ( fig 1C) . However, R sub did not significantly change after TNF-a antibody therapy (table 1) , even if the number of immune cells was dramatically reduced ( fig 1D) .
Tight junction protein expression
To investigate whether epithelial tight junction changes contribute to the increase in R e after infliximab therapy, expression of three tight junction proteins was assessed. From eight of the 11 CD patients, sufficient protein material was obtained before as well as after therapy to perform a complete analysis of occludin, claudin 1, and claudin 4. A representative western blot is shown in fig 5. Expression was analysed by densitometry in comparison with the pretreatment value on the same blot, which was set to 100%. Compared with the pretreatment level, occludin expression was 109 (18)% (n = 8), claudin 1 expression 114 (25)%, and claudin 4 expression 108 (6)% after therapy. Thus there was no significant difference between pre-and post-treatment results.
Functional consequences of increased epithelial apoptoses
To obtain more insight into the functional consequences of upregulation of epithelial apoptosis, HT-29/B6 monolayers were incubated with camptothecin. Camptothecin, at concentrations up to 10 mg/ml, has been shown to be a selective inducer of epithelial apoptosis, leaving epithelial tight junctions unaffected. 25 To obtain comparable levels of apoptosis as observed in control and CD sigmoid colon in our study, HT-29/B6 cells were studied without or with 0.2 and 2 mg/ml camptothecin, resulting in 2.6%, 3.3%, and 5.4% apoptotic ratios, respectively ( fig 6) . As a functional consequence of this upregulation of the apoptotic rate, electrical resistance decreased from 452 (20) to 404 (37) (not significant compared with controls) and 269 (37) V6cm 2 (p,0.05 compared with controls), respectively.
DISCUSSION
Since the 1980s several studies have shown that inflammatory changes in CD are paralleled by an increase in intestinal permeability. 5 26 A recent study has indicated improvement in epithelial barrier function after TNF-a antibody therapy by means of in vivo permeability tests. 11 In the present study, our aim was to characterise the mechanisms of the barrier effect of TNF-a antibody therapy in the inflamed colon of CD patients.
The re-examination interval after TNF-a antibody treatment was 14 days in this study, and thus analysis was not restricted to only short term effects, such as apoptosis induction. In general, intervals in studies examining immune cell apoptosis range from four hours 16 to 10 weeks. 27 It was shown that the proapoptotic effect of infliximab on lamina propria T cells extends far beyond the circulating half life of TNF-a antibody treatment in CD 1299 www.gutjnl.com group.bmj.com on September 16, 2017 -Published by http://gut.bmj.com/ Downloaded from infliximab of 9.5 days and is still detectable 10 weeks after infliximab administration. 27 Therefore, it is unlikely that an interval shorter than 14 days in our study would have led to an apoptotic ratio distinct from the present result. In contrast, it would have been impossible with a shorter interval to assess and/or exclude long term repair phenomena (for example, in respect of tight junctions).
The first important finding of our study was that epithelial apoptoses were found to be considerably upregulated compared with control sigmoid colon. An apoptotic rate of approximately 5.3% was obtained in the inflamed colon.
Thus in addition to upregulation of epithelial apoptosis in ulcerative colitis, 28 this type of barrier defect is also present in CD. Comparing data reported by Strater and colleagues 29 with the results of our analysis, the apoptotic rate seems to be higher in ulcerative colitis than in CD although this has to be viewed with caution as no direct comparison was performed.
The functional role of epithelial apoptosis however is still controversial. While it was originally assumed that single cell apoptosis is a regular and highly sealed process without much relevance to barrier function, our own group has obtained experimental evidence to indicate that apoptotic rosettes represent significant conductivity in epithelial HT-29/ B6 monolayers. 7 Furthermore, apoptotic foci were directly shown to contribute significantly to the barrier defect in ulcerative colitis by means of a conductance scanning technique. 10 However, a recent paper has questioned this by showing that addition of the caspase inhibitor ZVAD-fmk to interferon c plus TNF-a exposed T84 cells blocked apoptosis but not the decrease in resistance. 30 A possible explanation for this discrepancy could be that other barrier features overruled apoptotic conductivity in T-84 cells (for example, interferon c/TNF-a induced tight junction alterations) as the reduction in resistance from 2074 to 229 V/cm 2 indicates almost complete breakdown in barrier function in the 72 hour cytokine exposed T84 model. However, this implies that other features can influence the functional response in T84 but cannot rule out that apoptotic foci represent spots of elevated conductance. Thus taken together the contribution of epithelial apoptosis to barrier function is far from being clear and may vary from minor to predominant, depending on the particular conditions. Therefore, the functional role of epithelial apoptosis needs further investigation not only in cell models but also in the diseased mucosa, as in the present study. We believe that presenting direct experimental evidence for a parallel change in apoptotic rate and resistance without changes in tight junction proteins in membrane fractions is important experimental evidence in this respect, as a result of which the functional importance of the increase in the apoptotic rate in CD has to be estimated as rather high.
The second important finding of the present study was that TNF-a antibody therapy caused downregulation of the epithelial apoptotic rate in CD patients. Two weeks after treatment, 10 of 11 patients (91%) had reached an apoptotic ratio within the normal range. This is functionally important for the colon epithelium and may represent the first step towards mucosal repair which in a subgroup of patients may even result in mucosal healing. 31 The ability of TNF-a antibodies to downregulate epithelial apoptosis in CD is a priori not self evident. Taking into account the fact that immune cells in CD are eradicated via apoptotic mechanisms by TNF-a antibody therapy, [14] [15] [16] it would have been possible that the apoptotic rate was unchanged or increased. However, in the case of epithelial cell apoptosis, neutralisation of circulating TNF-a together with the antibody induced reduction in the mucosal/ submucosal immune cell pool has to be assumed to play a major role in this therapy. This also means that epithelial cells in the inflamed colon of CD patients do not possess membrane bound TNF-a and are not targets for TNF-a antibodies.
That TNF-a antibodies can indeed normalise inflammatory increased epithelial apoptosis was recently demonstrated in SAMP1/YitFc mice, an animal model of spontaneous ileitis similar to CD in humans. 32 In addition to structural barrier parameters, much effort was made in the present study to obtain functional barrier data in parallel. Measuring barrier function in tissue specimens in vitro also has the advantage of assessing function in a defined intestinal segment with a clear area reference. This enabled us to exclude influences of antibody therapy on intestinal blood circulation or motility, both of which can indirectly affect in vivo permeability tests. The result of this analysis, and our third relevant finding, was that epithelial barrier function was shown to be impaired in active CD and to be clearly improved by TNF-a antibody treatment.
Finally, it should be mentioned that in vitro measurements on intestinal biopsies can distinguish epithelial from subepithelial resistance by alternating current impedance analysis. This has been shown to be essential for inflamed intestine as decreased epithelial resistance is often masked by inflammatory thickening of the subepithelium as recently seen in biopsy specimens from patients with collagenous colitis for example. 22 In our study, R sub was increased in CD compared with controls but did not recover within the study interval of two weeks after TNF-a antibody treatment. The increase in R sub has to be assumed to be mainly due to altered submucosal architecture with increased thickness and composition of the subepithelial tissue layers. That such alterations do not recover within this time interval is also in accordance with another study examining histological changes four weeks after anti-TNF-a antibody treatment which revealed disappearance of neutrophils and a reduction in the lymphoplasmocytic infiltrate but an almost unchanged architecture. 31 Furthermore, this is in line with half life values of collagens being more than 200 days, 33 as a result of which much longer re-examination intervals would have been necessary to detect recovery after TNF-a antibody treatment, even if matrix metalloproteinase levels are elevated in CD. 34 However, from a functional point of view, altered subepithelial tissue in CD is less important as in contrast with the collagenous band in collagenous colitis, capillaries penetrate most of these subepithelial tissue layers in CD mucosa and are located in close proximity to the epithelium. Thus these morphological changes are of minor importance for solute reabsorption and the pathogenesis of diarrhoea in CD.
In CD, changes in tight junction structure have been detected by morphological studies using freeze fracture electron microscopy 35 36 as well as by protein biochemical studies on tight junction molecule expression. 37 In the latter study, occludin expression was found to be reduced compared with controls whereas claudin 1 was not significantly affected. The fourth important result of our study was that a direct comparison between pretreatment protein expression levels and expression levels two weeks after TNF-a antibody treatment revealed no significant change in tight junction protein expression for occludin, claudin 1, or claudin 4.
As epithelial apoptosis and tight junction protein expression are not the only barrier determining structures, the question arose of whether or not changes in epithelial resistance in CD before and after therapy can be (fully) explained by altered apoptotic ratios. Thus we induced apoptoses in HT-29/B6 cell monolayers with the topoisomerase inhibitor camptothecin. 25 Although this cell model represents only an approximation of the complex mucosal architecture of the native colon, it allows adjustment of apoptotic rates to levels detected in the human colon of controls or CD patients. Furthermore, HT-29/B6 cells obtained from a colonic cancer are also an intermediate tight epithelium and possess all signal transduction pathways relevant for intestinal barrier regulation during inflammation, including cytokine dependent modulation of tight junctions and apoptoses. In addition, the same staining and counting procedures were applied in a parallel design. An increasing apoptotic ratio from 2.6% to 5.4%, which reflects the colonic epithelium of controls and CD patients before therapy, caused a decrease in epithelial resistance of 240%. This is almost exactly the same as that observed for the decrease in epithelial resistance in untreated CD patients compared with controls, which was 243%. Therefore, it seems reasonable to conclude that upregulation of epithelial apoptosis was the predominant factor in barrier dysfunction in Crohn's colitis in our study.
Disturbance in epithelial barrier function in intestinal inflammation has two important consequences. On the one hand, it contributes to diarrhoea by a leak flux mechanism. 8 22 On the other hand, it enables antigens to be taken up and contributes to perpetuation of the inflammatory process. The former functional consequence could be relevant for the observation that diarrhoea in some CD patients stops 24-48 hours after TNF-a antibody treatment, a time period which could allow barrier improvement as a result of downregulation of epithelial apoptosis. That apoptotic events in the epithelium are indeed functionally important is supported by direct experimental evidence. An increase in the apoptotic ratio to 12% in HT-29/B6 colonic model epithelium switched the intermediate tight into a leaky type epithelium. 25 Therefore, one has to assume that the increase in apoptotic ratio in CD patients of up to 15% has severe functional implications.
Epithelial barrier repair in CD due to TNF-a antibody treatment, possibly resulting in a decrease in antigen uptake, has to be assumed to be more important for the long term anti-inflammatory therapy effect, and indeed ''barrier healing'' could represent the first step towards ''mucosal healing'' observed in some of patients under continuous TNF-a antibody therapy.
In conclusion, we have shown a significant decrease in epithelial cell apoptosis in CD patients after TNF-a antibody therapy which was accompanied by an increase in epithelial resistance. Tight junction protein expression did not contribute to this barrier repair. antibody treatment α tumour necrosis factor barrier repair in active Crohn's disease by
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